Background and Purpose-The studies assessing the impact of insomnia on stroke are still lacking. We aim to investigate insomnia in relation to subsequent stroke during the 4-year follow-up. Methods-Data from the Taiwan National Health Insurance Research Database were used. Enrollees with International Classification of Diseases, Ninth Revision, Clinical Modification diagnosis code for insomnia were compared with randomly selected, age-and sex-matched noninsomnia enrollees with subsequent hospitalization for stroke during the 4-year follow-up. All enrollees, insomniacs and noninsomniacs, did not have previous diagnosis of stroke, sleep apnea, and insomnia. Individuals with insomnia were further categorized into different subgroups based on their insomnia patterns to explore whether the risk of stroke varies by subtype. The risk of outcomes was assessed with Kaplan-Meier curves and the impact of insomnia was estimated using Poisson regression analysis and Cox proportional hazards models. Results-The study included 21 438 (mean age, 52±16 years) insomniacs and 64 314 matched noninsomniacs (mean age, 51±16 years). Compared with noninsomniacs, insomniacs had 54% higher risk of developing stroke (adjusted hazard ratio, 1.54; 95% confidence interval, 1.38-1.72). When breaking down into insomnia subgroups, the persistent insomniacs had a higher 3-year cumulative incidence rate of stroke than those in the remission group (P=0.024). The insomniacs-tononinsomniacs incidence rate ratio for stroke was highest among those aged 18 to 34 years (incidence rate ratio, 8.06). Conclusions-Insomnia predisposes individuals to increased risk of stroke and this association is profound among young adults. Our results underscore the clinical importance of identifying and treating insomnia. A novel behavioral intervention targeting insomnia that may prevent stroke should be explored. (Stroke. 2014;45:00-00.)
S leep problems and cardiovascular-related diseases often coexist. More recent reports 1, 2 have focused on habitual sleep duration (short or long), influences of sleep apnea on cardiovascular disease outcomes, and cardiovascular disease-related mortality. Nevertheless, there has been limited examination of the influences of insomnia on cardiovascular disease-related diseases, especially stroke. Research on sleep and stroke has focused on the relationships among sleep apnea, [3] [4] [5] sleep-disordered breathing, 6 sleep duration, 2 and stroke; much less attention has been paid to insomnia. The few studies examining the associations between insomnia and stroke were limited by focusing on insomnia among patients with stroke. 7, 8 In a group of 277 ischemic patients, more than half of them reported insomnia complaints and ≈38% had insomnia symptoms before stroke. 7 However, without the use of longitudinal study designs, it is unclear whether the presence of insomnia may be antecedent to the development of stroke.
An additional, although largely unexplored, issue is the course of insomnia over time 9 and subsequent risks of stroke.
Previous research has indicated that insomnia is often chronic and could be a persistent condition; the persistence rates ranged from 32% to 69% during the observational period of 1 to 20 years. [10] [11] [12] [13] The remission rate of insomnia varied from 54% to 56% during the follow-up of 1 to 3 years. 14 Taking into consideration of potential dynamic changes in insomnia status, it is possible that different patterns of insomnia may predispose individuals to different magnitudes of risk for the same disease.
Therefore, we conducted a longitudinal analysis of nationwide data to assess the influence of insomnia on the risk of subsequent hospitalization for stroke across the 4-year follow-up.
Methods Database
Taiwan launched a single-payer National Health Insurance (NHI) program in 1995 to finance healthcare. The NHI is a mandatory system, and all outpatient and inpatient medical benefit claims are included in the NHI Research Database. Data used in this study came from 
Definition of Insomnia
An individual with any of the following insomnia-related ICD-9-CM codes was classified as an insomniac: 780.52 (insomnia, unspecified), 307.41 (transient disorder of initiating or maintaining sleep), and 307.42 (persistent disorder of initiating or maintaining sleep). For individuals meeting the inclusion criteria, we further categorized them into 1 of the 3 insomnia subtypes 11 based on their incidence of insomnia episodes during the 4-year follow-up period. Since the index date of enrollment, a period of 180 days was used as the time period for assessment to determine individuals' status of insomnia (yes versus no) based on their outpatient and inpatient claims at each time period throughout the duration of follow-up. The cutoffs of 180 days was derived empirically from a report by the National Institutes of Health, 15 which stated that chronic insomnia could last from 30 days to as long as 6 months. Individuals with diagnosed chronic insomnia within each 180-day period from their index date of enrollment across the 4-year follow-up period were considered persistent insomniacs. Relapse of insomnia was defined as a return of insomnia after being diagnosed free of the disease for >180 days at any assessment time point. Remission of insomnia was defined as a change from a diagnosis of insomnia at one time point to a noninsomnia diagnosis at the subsequent time point and stayed in the noninsomnia status throughout the remaining study period.
Definition of Stroke
The main outcome of interest was an end point of the first hospitalization for acute stroke (ICD-9-CM codes 430-431 for hemorrhagic stroke, 433-434 for ischemic stroke, 435 for transient ischemic attack, or 436 for acute but ill-defined cerebrovascular disease [apoplexy, apoplectic: not other specified, attack, cerebral seizure, and cerebral seizure]). 16 Individuals were followed up to the first occurrence in the end point of stroke, death on discharge, withdrawal from the NHI program, or for a full 4-year term after the index date of enrollment.
Socioeconomic Status
A proxy measure of socioeconomic status in this study was obtained from the monthly insurable wage in the Longitudinal Health Insurance Database 2000 database. Individuals with a well-defined monthly wage (measured in New Taiwanese dollars (NTD; USD 1≈NTD 30) were classified into 1 of 3 groups: ≥NTD 25 001, NTD 15 841 to 25 000, and <NTD 15 840.
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Age Groups
Age cutoffs were used to categorize individuals into 4 groups to assess the odds of stroke by different stages of life: 18 to 34, 35 to 49, 50 to 64, and ≥65 years.
Statistical Analysis
Differences in demographics and the selected comorbidities between the insomnia and noninsomnia groups were evaluated using χ 2 tests. We designated a set of comorbidities, including hypertension (ICD-9 codes 401-405), diabetes mellitus (250), hyperlipidemia (272), 
Results
The present study included 21 438 subjects with insomnia and 64 314 matched subjects without insomnia ( Table 1 ). The mean age of the insomnia population was 52.1±16.0 years and that of the control group was 51.2±16.0 years. Prevalence of each kind of comorbidity was higher in insomniacs than in noninsomniacs (P<0.0001). Table 2 shows the risks of hospitalization for stroke in the insomnia and noninsomnia groups. During the 4-year follow-up period, there were a total of 583 stroke admissions among insomniacs and 962 among noninsomniacs. The incidence rate of stroke was significantly higher (IRR, According to the Figure, the 4 survival curves were significantly different (P value for log-rank test<0.0001). When comparing the 4-year cumulative incidence among groups, the significant differences in survival curves were observed when comparing the persistence (P value for log-rank test<0.0001), relapse (P value for log-rank test<0.0001), remission groups (P value for log-rank test=0.0008) with the control group. As we used healthcare-seeking behavior of the insomniacs for each 180-day time period for 4 years to categorize insomniacs into subgroups, healthcare-seeking behavior may not vary among the 3 insomnia subgroups during the first year. Thus, we further assessed whether there were group differences in cumulative incidence rate of stroke after the first year. There was no significant difference between the remission and persistent groups during the first year; however, persistent insomniacs had a higher 3-year cumulative incidence rate of stroke than those in the remission group (P=0.0241).
Discussion
Our study shows that the presence of insomnia raises the likelihood of subsequent hospitalization for stroke for 4 years. To our knowledge, this is the first study to indicate that individuals with remission insomnia, relapse insomnia, and persistent insomnia subtypes have greater risks of developing stroke as compared with the control group. When breaking down to types of stroke, the insomniacs:noninsomniacs ratio of incidence of stroke was the highest for transient ischemic attack, followed by unspecified stroke, ischemia, and hemorrhage.
Evidence on influence of insomnia on stroke is still lacking. With regard to the relation between sleep duration and stroke, findings have been inconclusive. Prolonged sleep duration (≥9 hours/night; relative risk, 1.72) was related to a greater risk of stroke and short sleep (≤6 hours/night; relative risk, 1.22) increased risk for stroke in postmenopausal women without clinically overt cardiovascular diseases. 1 Although a U-shaped association between sleep duration and stroke has been reported, Westerlund et al 18 pointed out that sleep duration was unrelated to risk of stroke. Our finding linking insomnia to greater risk of stroke demonstrates the need to consider patterns of sleep jointly, such as interruption of nocturnal sleep, in addition to sleep quantity. Our results reinforce the need to screen and treat insomnia, which can be early observed, to lower future risk of stroke.
A major novelty of the current study is to separate subtypes of insomniacs based on longitudinal patterns of insomnia and to assess the risk of stroke separately. Two studies that have investigated pattern-oriented insomnia subtypes using multiple time points focused on either the natural history of insomnia 11 or the course of insomnia comorbid with cancer. 19 Morin et al 11 assessed the course of insomnia subtypes for 3 years in a sample of 388 adults and found that insomnia is often an enduring condition, especially among those with more severe insomnia at baseline. Savard et al 19 conducted a study in 962 patients undergoing treatment for nonmetastatic cancer and stated that 37.6% of the patients with an insomnia syndrome at baseline remained at the same status for an 18-month period. Both studies revealed that pattern-oriented insomnia subtypes play a role in the progress of insomnia severity; however, it remains unclear whether the insomnia subtype could affect disease risks. Based on our results, it seems that the risks of stroke during the 4-year follow-up increased with the severity of insomnia (risk of stroke: persistent subtype>relapse subtype>remission subtype) in the unadjusted analysis. Moreover, persistent insomniacs had a higher 3-year cumulative incidence rate of stroke than those with the remission subtype. Altogether, our data highlight the clinical relevance of categorizing insomnia subtypes based on incidence. Future research is warranted to investigate whether the associations vary between insomnia subtype and disease risk according to subtype over time.
Potential pathway of insomnia to stroke is not yet clear. Some of the proposed pathophysiological mechanisms linking sleep duration and cardiovascular system may shed the light on how the presence of insomnia could predispose an individual to stroke. Sleep deprivation and insomnia symptoms may alter cardiovascular health through inflammation, 20, 21 endocrine or metabolic dysregulation, 18, 22 and increased sympathetic nervous activity. 23 Clinical studies suggested that sleep deprivation may affect levels of cytokines known to play a role in regulating systematic inflammation, 20 such as elevations in C-reactive protein, 20, 21 tumor necrosis factor-α, 24 interleukin-1, 25 interleukin-6, 26 and interleukin-17. 26 Future research is needed to disentangle the complex of associations between insomnia and the development of stroke. Further investigations should be conducted to explore whether short sleep and prolonged sleep may trigger different biological mechanisms contributing to the cardiometabolic deterioration.
It is worth mentioning that although comparing the incidence rates of stroke between insomniacs and noninsomniacs by age group, IRR was highest in the youngest age group (18-35 years) and decreased as age advanced. The impact of insomnia on stroke was reduced with age may be explained by higher incidences of stroke among elders in general. Nevertheless, the incidence rate of stroke was ≈8× higher in insomniacs than in noninsomniacs among younger adults and it is particularly striking. This observation points toward a need for screening for insomnia to seek early treatment in younger age as a feasible strategy to prevent the development of stroke and stroke-related morbidity.
Strengths and Limitations
There are several limitations in this study. First, sampling bias may exist. It is important to note that the observed associations reflect the healthcare-seeking behavior of individuals with insomnia, stroke, and comorbidity; the real incidence may be underestimated when exclusively using outpatient and inpatient benefit claims for coding diagnosis. There are chances that those in the control group may have insomnia but not seeking medical care. However, if the association between insomnia and stroke still could be observed under this circumstance, the true effect might be even greater when the pure control and case groups could be identified. Second, accuracy of insomnia diagnoses in the database, as coding errors may have occurred in various local clinics and hospitals of different levels. Despite these limitations, the study has several strengths. This nationwide population-based data set provided statistical power to detect the impact of insomnia on stroke among insomnia subtypes after adjusting for confounding variables. Although selection and nonresponse biases could not be ruled out, those biases may be diluted by the large sample size. The 4-year observation period allows us to evaluate causal relationships and assess the potential public health relevance. Finally, information on subtypes of ischemic stroke (eg, Trial of Org 10172 in Acute Stroke Treatment [TOAST] criteria) and established vascular risk factors, such as tobacco usage, work stress, and physical inactivity, were not available in the NHI Research Database. Future research with comprehensive database on stroke classification is needed to elucidate the pathogenic mechanisms of how insomnia may promote the development of stroke.
Conclusions
Our study provides population-based evidence that people with insomnia have higher incidences and risks of hospitalization for stroke as compared with noninsomniacs. The results of this study suggest that intervention to improve insomnia is needed and should be examined whether it could be a strategy to improve cardiovascular health. To reduce the risk of stroke effectively, health education should be promoted to get individuals to be aware of insomnia symptoms at young age, to treat it, and to track its patterns, especially for younger adults. More prospective studies with representative populations and longer follow-up are needed to identify the long-term risks Results of the log-rank tests comparing cumulative incidence rate of stroke for 4 years between insomnia groups: overall P value <0.0001. A vs B:
